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INTRODUCTION

Does a country's level of unemployment have an impact on the long-run growth nte''
Persistently high unemployment rates in Europe over the last two decades indicate that unemployment is. at least to a large extent. not a pure business cycle phenomenon. This implies a continuing squandering of Jabour and of human capital in most European countries.
Hence. it seems reasonable to ask. if given levels of unemployment influence Jong-run productivity growth or the Jong-run level of productivity itself.
Unemployment is a severe problem in Europe, but not in the US. The decline in productivity growth has however been stronger in the US over the last decades of the 20'" century. Between 1979 and 1997 the average rate of unemployment in the US was 6.7% and the average growth rate of Jabour productivity was 0.9%. In Europe the average rate of unemployment was 9.3'/( and the average growth rate of Jabour productivity was 2.2%. These figures might indicate a potential trade-off between unemployment and productivity growth. However. if we look at simple time series plots. the evidence lends at best mild support to this suspicion. Figure I shows the development of unemployment and productivity growth in Europe and in the US between 1960 and 1997. It is striking that there has been an increase in the rate of unemployment that goes along with a decline of productivity growth in Europe as well as rn the USA.
Gordon (I 997) and Bean (1997) argue that this time senes evidence shows a causal link running from unemployment to growth.
1 Section 2 fonnalises this link lw introducing unemployment into an augmented Solow growth model. The model nests the standard Solow model as well as endogenous growth models as special cases. Our main argument is that unemployment reduces production and income and thereby the accumulation of physical and human capital via a reduction of savings. spending on education and Jearning-h\-doing.
Therefore. unemployment might impinge negatively on productiYity and producti,ity growth in the Jong run. as in Bean/Pissarides (1993) . In section 3 and 4 we put our theoretical model to an empirical test. where section 3 discusses the empirical specification and section 4 presents the results of our estimates using a dynamic panel data framework. The main finding is that unemployment indeed reduces the level of productivity: Taken at face value our results suggest that if unemployment would have remained at the level of 1960 than producti\ ity today would be roughly 10% higher than it is. Section 5 concludes. 
UNEMPLOYMENT IN THE AUGMENTED SOLOW GROWTH MODEL
Employing a simple growth theory framework our focus is on the influence of long-run (equilibrium) unemployment on productivity growth. Following most parts of the literature (e.g. Layard/Nickell/Jackman (1991)) we assume that equilibrium unemployment is determined by the generosity of the unemployment insurance system and by institutional settings. such as the size and power of unions and the bargaining system. 2 Given the empirically reasonable assumption that the return from being unemployed is proportional to the income of the employed and therefore to productivity. these detern1inants of unemployment are not directly influenced by productivity growth. Hence. equilibrium unemployment is exogenous within our simple theoretical model. Note. however. that within an intertemporal framework there might be an indirect influence of productivity growth on equilibrium unemployment through either an influence on the discount rate or through a creative destruction effect (see Aghion/Howitt (1998) and Pissarides (2000)). Therefore. we will tackle potential endogeneity of unemployment in the empirical part of our paper.
We start with a short-run model. Labour supply measured in efficiency units is given as N. All workers are assumed to be equally efficient. Unemployment reduces labour input in proportional to capital per head. The production function is then given by:
The production function encompasses five special cases. 1) With ~ = 0 and ·1 = 0 human capital is unproductive and there is no learning-by-doing. Efficiency units of labour depend only on the number of workers and on the exogenous technological state of the economy. as in the traditional Solow grow1h model. 2) With ~ = 1 raw labour is unproducti\·e and labour supply depends only on human capital built up by formal education. Therefore we obt<J.in an endogenous grow1h model in the spirit of Lucas (1993 ) . 3) With 0 < ~ < 1 and y = 0 we get the augmented Solow model introduced by Mankiw/Romer/Weil (1992). 4) With 0 = 0 and 0 < y < 1 human capital depends on leaning-by-doing and fonnal education is unimport<J.nt. 5 I With ~ = 0 and y = 1 we obtain a complete learning-by-doing effect and raw labour as well as formal education are unimportant. In this case the model is of AK type. as in Romer ( 1986 ) .
Productivity, defined as production per worker, is given as P =YI L. where I is the number of employed workers. Insert I= (1-u)N into the production function and divide by I to obtain:
To establish the wage of a worker the labour share is divided by the number of 11 orkcrs " = w1 UL. Therefore. the wage is proportional to productivity 11 = (1 -ci)P. Now consider an increase in the rate of unemployment. As an important first result we see that this leads to an increase in productivity and wages and to a reduction of production and of the interest rate.
This result holds for a given capital stock and a given level of labour efficiency. However.
labour supply and capital and labour efficiency grow in the long-run. The work force gro\\s with the exogenous rate n = N and exogenous technological progress leads to growing efficiency e =E. Efficiency units of raw Jabour supply EN theret'ore grow at an e\ogcnous rate n + e. The equilibrium rate of unemployment stays constant and therefore labour t1'cd in production grows with the same rate as labour supply.
In each period physical capital is augmented by investment K =I. where the dot denotes the time derivative K = dK I dt. Since we are interested in consequences of long-run unemployment and not in business cycle effects. we assume that all savings are invested I= S.
Savings are prop011ional to income S = sY. Hence we have K = sY. Divide both sides h) K and use (1) to obtain the growth rate of physical capital:
Human capital is augmented by education. Spending on education is proportional to income and therefore we have H = zY, where z is the educational spending rate. Use the production function to substitute Y and divide by H to obtain the growth rate of human capital:
From (3) and (4) it becomes clear that an increase in the rate of unemployment reduces the growth rates of physical and human capital.
We are interested in the impact of a discrete jump in the equilibrium rate of unemployment.
Productivity growth can be obtained from (2) and it is obvious that it is determined by technical progress and growth of physical and human capital per capita. Since these are reduced by unemployment, productivity growth is also reduced.
In the long run the economy converges to the steady state, where capital and production groll'
with equal rates Y = K. Transform the production function into growth rates to see that from Consider the neoclassical model with 0 S 0 < I and 0 Sy < 1. In the steady state grovvth is exogenous and the growth rate of productivity is P =e. Hence. unemployment has no influence on the long-run growth rate. However. it might influence the level of producti ,·ity.
In the steady state we have K = H = e + n and. according to (3) and (4). H/K = z/s. Physical capital per efficiency unit of raw labour k = KIE N and human capital per efficiency unit of raw labour h =HIEN are constant. Use these conditions in equations (3) and (4) to obtain:
An increase in the rate of unemployment reduces physical and human capital per effecti,·c rem labour. Now insert (5) and (6) into (2) to gain: 8 data framework. An advantageous feature of dynamic panel data models is that we do not have to rely on stochastic assumptions about the initial levels of technology. which has to be done in cross-section data regressions." Initial levels of technology as well as other time invariant country effects are captured by fixed effects. Exogenous technological progress and other time specific common shocks are modelled by fixed (deterministic) time effects.
The general specification of our growth regressions as a dynamic two-way fixed effects model 1s:
( 8) where y c.t is the log of the dependent variable. uc.t-T is the log of the country" s lagged unemployment rate, Xc,t-T is a vector of the log of lagged variables controlling for obsened time variant country characteristics, o 0 . Ii 1 and e are the parameter(s) (vector) of interest. >t, is a fixed country effect. llr is a fixed time effect and <c.t is a standard enor te1111 with Ec.t -
Using lagged values of all explanatory variables. any potential endogeneit' should be reduced. With respect to the GMM-estimator in a first step equation (8) is first-differenced to wipe out µ.,. This allows us in a second step to exploit all lagged \'alues of Yc. 
As an important result we see that for either~> 0 or y > 0 unemployment reduces productivity in the long run. Only if~= 0 and y = 0 there is no effect on the long-run level of productivity.
Hence. whenever unemployment effects labour efficiency -either through fonnal education or through learning-by-doing -an increase in unemployment reduces the long-run level of productivity.
Now consider endogenous grovv1h. Withy= 1 the model delivers endogenous growth through learning-by-doing. From (3) and (4) we obtain: 
-asazl-a regardless of the level ofy. In both cases productiYity grov\1h
is reduced by an increase in unemployment. since f> = Y -n holds.
Finally. have a brief look at the process of adjustment induced by an increase in the level of unemployment. In the short run the increase in unemployment leads to an increase in capital per worker. Therefore productivity and wages rise. but income is reduced. This leads to a decline in savings and in educational spending. As a result. the growth rates of physical ancl human capital are reduced and productivity growth is also reduced. The long-run effect depends on the size of the influence of human capital and learning-by-doing in the production function. I) When human capital does not matter and there is no learning-by-doing.
productivity growth returns to the exogenously given levels. What is more. even the level of productivity is not affected in the long run. 2) When raw labour is producti,·e and either human capital is also productive or there is some learning-by-doing. the gro11 th of productivity returns to the exogenous levels. However. the transitory decline in producti\ it' growth reduces the level of productivity in the long run. 3) When there is endogenous gnm th either through complete learning-by-doing or through human capital accumulation. the growth rate of productivity declines to a new steady state level. Hence. we ha,·c a pcnnancnt reduction in productivity growth.
EMPIRICAL SPECIFICATION AND DATA
To test for the impact of unemployment on growth we will augment standard grlm th regressions by levels and changes of the lagged unemployment rate. as motivated tn our theoretical model. To capture dynamic as well as long-run effects we exploit a dynamic panel Table A in the Appendix pro1idcs descriptive statistics for all variables used in the empirical analysis. In our data the Jog of averaged unemployment is negatively correlated with productivity growth as indicated by an overall correlation coefficient of p = -0.47 (p = 0.00 l ). Country-specific corrc lation coefficients of unemployment and productivity growth range from -0.83 (Netherlands I up to 0.10 (UK). Except for the UK all country specific correlation coefficiems are negmiv·c.
-I. RESULTS
We start with a dynamic analysis of the bivariate relation between the level of productivity and lagged unemployment using LSDV-and GMM-estimators. The underlying argurncm of our theoretical model is that productivity growth might be reduced by an increase· of unemployment via reduced savings and educational expenditures (sec equations :' \ and 41.
Therefore. we also analyse bivariate conelations between lagged unemployment and physical capital and lagged unemployment and human capital per worker. The reason for the parsimonious specification is that due to the potential mechanical conelation bet\\ ecn the 10 investment share of GDP in percentage points and GDP itself the signal in the other explanatory variables of interest might be low conditional on investment (see Barro (1997) and Krueger/Lindahl (1999)). Table I displays our results.
Columns I and 2 of Table I show the results of the LSDV-as well as the GMM-estimator for the productivity equation. The estimated parameters for lagged unemployment are both significantly negative. Hence. we find a negative correlation between lagged unemployment and productivity. which is in line with our theoretical model. In addition. the estimated parameters of the short-run effect of unemployment are significantly negative. Therefore.
within our five-year time span the initially positive effect of an increase in unemployment on productivity is totally purged by the following adjustment process. Columns 3 and 4 show the results for capital per worker. The correlation between lagged unemployment and capital per worker is significantly negative and is greater than the negative c01Telation between labour productivity and unemployment. This provides supportive evidence for the underlying link that an increase in unemployment goes along with a decrease in capital accumulation.
Columns S and 6 indicate that we do not find any significant conclation between lagged unemployment and human capital measured by the secondary school attainment rale. Only the estimated parameter for the short-run averaged growth rates of unemployment in the LSD\' -model is significantly positive. which is not in line with our simple model. but might be explained by the fact that young people might stay in school in the short run "hen unemployment increases.
With respect to the different Wald statistics (Wald_P. Wald_C. Wald_TJ the panel specification of our parsimonious models seems to be appropriate. The BP-statistics indicate that heteroscedasticity is an issue in our data. 9 Considering the m 2 statistics. there 1s no evidence for serial correlation in the disturbances in our underlying model in ]c,cls.
In a second step we estimate our extended version of the standard augmented gnm th regression introduced by Mankiw/Romer/Weil (1992). The following specification can be derived from equations (5). (6). and (7). Instead of employment rates \\ e use unemployment rates to assess the effect of unemployment directly. In addition to the lagged unemployment rate we introduce somewhat ad hoe the change in the averaged unemployment rate .:la' t u I and the average annual growth rate of unemployment O\'Cr the five years preceding t av(.:'l(u 5 )) to capture short-run dynamics:
( 91 11 where sk is proxied by the log of the average investment share of GDP over the 5 years preceding t. h is the log of the secondary school attainment rate as provided by Bano/Lee (1996) . ' 0 (n + e + d) is the log of the average rate of population growth in the relevant 5-year interval plus exogenous technological progress e and depreciation d. In line with brge parts of the literature we take (e + d) to be equal to 0.05. Table 2 shows our results.
Column I and 2 report LSDV-and GMM-estimates of equation (9). The estimated parameters for Pc,t-t are both significantly positive and clearly unequal from one. Hence. we observe convergence to the exogenous trend captured in the time effects in our data. The implied convergence rate ranges between 0.11 and 0.12 and is in line with results presented by Islam (1995) and Caselli et al. (1996) .
The estimated parameters for the lagged level of unemployment are both significantly negative. Hence we observe a negative impact of the lagged level of unemployment on productivity. as suggested by our model. The implied long-run elasticity of productivity with respect to unemployment is roughly --0.08. 11 This indicates that unemployment does indeed have a remarkable long-run effect on productivity in our data: since uncrnplovmcnt in some countries roughly doubled over the observed period. our estimates imph that their productivity today would be 8%, to 10 % higher than it would have been withoul the increase in unemployment.
The estimated parameters for hare never significantly different from zero. This is again in line with results provided by Islam (1995) and Caselli et al. (1996) . This result might be due to measurement enor (Krueger/Lindahl 1999) . Secondary school attainment rates are clearly a very poor proxy for human capital. in particular if only OECD countries are considered.
However if we take the result at face value than we have to conclude that the negatiYe clTect of unemployment on productiYity is due to a learning-by-doing channel. i.e. higher unemployment means fewer opportunities for learning-by-doing. The estimated parameters for (LSDV) and 0.32 (GMM). which conesponds to other results (Gollin 1998 ).
Considering the fit of our regressions. all Wald statistics indicate that our panel specification is appropriate. Again. the test statistic of the Breusch-Pagan test indicates that heteroscedasticity is an issue in our data. Moreover. them, statistics give supporti\e c\·idencc for the validity of the GMM-procedure.
One might argue that endogeneity of both capital shares and of lagged unemployrncnl is an issue in our data. e.g. rapidly growing countries are able to attract more investment. To check for endogeneity we exploit lagged values of all explanatory variables as instrumems in the GMM procedure. Column 3 of Table 2 shows that the results remain stable with respect to the convergence parameter and the estimated parameter for the lagged level of unemployment. but that none of the other estimates is significantly different from zero.
Following the empirical growth literature (Temple 1999) and using five year averages to wipe out any cyclical effects leaves us with a panel data set with a small dimension with respect to T. To check for the robustness of our results, 1 2 we therefore ran some additional regressions using annual data from 1965 up to 1990. Since we do not have annual data on human capital.
we restrict ourselves to parsimonious specifications like the one documented in Table I . We specify ad hoe error correction equations with fixed effects for both labour productivity growth and for growth of capital per worker using the LSDV-and GMM-estimator. To test for cointegration between productivity (capital per worker) and unemployment we compute two residual based tests of the null of no cointegration in panels suggested by Pedroni ( 1999) .
With respect to labour productivity both tests reject the null (panel-t:-2.91: group-t:-36.8).
with respect to capital per worker only one test rejects the null (panel-t:-0Jl3: group-t:-2J1.1.' Table 3 displays our results for the ECM estimates.
Column 1 of Table 3 shows that we again observe a significant negative conelation I u < 0.1) between lagged unemployment and productivity using the LSDV-estimator. " More cl\ er. \\ith respect to the short-run dynamics we find a positive relationship of productivity growth and the change of unemployment as predicted by our model. The estimated parameter for the lagged level of productivity is significantly negative. which is in line with the results of the cointegration tests. However. column 2 shows that we do not obsene any significant relationship between lagged unemployment and productivity growth within the Ci'\1'.\1-framework. Hence, based on annual data. we find only partly supporti\e e\idencc for a negative long-run conelation of unemployment and productivity. 15 Column 3 and -l indicate that we obsen·e a significantly negative conelation between lagged unemployment and gnm th of capital per worker in our data. These results are in line with our estimates presented in Table I .
5.
COl\'CLUSION
To answer the question whether unemployment influences producti\ity in the long run \\ e incorporate equilibrium unemployment into a generalised augmented Solow-type gro\\lh model. The model shows that in a neoclassical framework an increase in equilibrium 13 unemployment reduces the long-run level of productivity if unemployment has an effect on labour efficiency -through either formal education or learning-by-doing. In an endogenous growth frame work unemployment reduces productivity growth. Using data for 13 OECD countries within a dynamic panel data framework we find supportive evidence for the conditional convergence hypothesis which implies neoclassical growth and for a negative impact of the level of unemployment on the level of productivity. However. our empirical analysis does not provide any evidence for an effect of formal schooling on productivity. In terms of our model the negative effect of an increase in unemployment on the level or productivity is therefore due to reduced savings. capital accumulation and learning-by-doing. , ',av(u) Hu1nan Capital Okuns \a\v is on short-run de1nand dynainics. see Gordon ( l 979). Neither the slo\\'dO\\'ll of producti\·ity grCl\\'lh nor the increase in unemployn1ent over the last decades can be explained by such short-run business cycle effe1.:b.
1 Empirical evidence on the determinants of equilibrium unemployn1ent is provided by Bean ( 1994 J ::ind Nirktll (1998) among others. 3 The incorporation of a lean1ing-by-doing channel \vas stimulated by the suggestion of an anonyn1ous referee . 
